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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve performance by 
preventing interference to a multipath caused by a pilot 
signal by removing the pilot signal of multipath 
component, which causes the interference of base band 
received signal, by reconstituting it as prescribed and 
adding/subtracting that signal later. 

SOLUTION: A signal rO of path 0 and a signal r1 of path 
1 in received decoding signals r(n) are respectively 
processed by an on-time selector circuit OTS and 
inputted to RAKE fingers 603 and 604 later In this 
case, pilot reconstitution circuits 606 and 607 are 
reconstituting pilot signals through predicted 
attenuation, phase and path delay are respectively added 
to the fingers 603 and 604, the pilot signal from the 
path 0 is reconstituted, subtracted from the signal of 
path 1 by an adder 609 and removed. Similarly, the pilot 
signal reconstituted from the path 1 is subtracted from 
the signal of path 0 by an adder circuit 608 and removed 
and afterwards, the signals are respectively exactly 
demodulated by fingers 0 and 1 and bit-determined or 
processed by a viterbi decoder 605. 
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^UT§:{f L/cCDMAft-^^^ibr'-^^-^^^/i-i:^^^ 
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^(^9^(7:)fli^coiSs^Sflcj:i9^^$nfc (L-i) m 




tfTlSB^fMOT^^— ^^'f^r^^/Kl. fo5/^:=^(7:i/"^-i' D 

(A) hm(Oy<:^ho'h(0 1 f§<o^^•^>^^hLT5^f U 
/tCDMAfI-^;!i^bx-^?^^^xyu<i:ysV uy h^^jf; 
/i-^M.SO. M®E^^;i5^^-r6 (L-l) mcD^mt 10 

.(B) wMW,n^mzmT&\.^^\^M^(r> (l-d <ic7) 

-1) m(D^^\t%-^. M^^^(C&iiI-r-5CDMA{I 

-t-^CDMAgfm 
[It5*t^2] tfrlE (L-l) <l(7?|§^^^I-^fi, 

«rfS# (B) i^g^^*!. tirf5^«^^ix/c^^^n:x h 
IfEStOCDMASItm. 

[ifjR^s] ^lE (L-l) m<o^^m^f,-±^ -^(75 
^15 (B) i^g^^fi. -^co+ggi^^r-wg^$ix7t 

n7t-^(75^S[^T*>5r ^^mi:1-^IS3*^3S 1 lea 
(7:)C DMASftMo 30 

ix /c: ^^co /u ^ 5 ^ /i' r yir y 
^ r <i: -r 6 2 c D M AS^m 

^ £7? •> ici: o T . ^ > /uFbI mmmt^ 

$r r 5 lt*« 4 fE^(75 C D M A Sit ^ 



iltm^l 0 - 3 2 7 1 2 6 



5 C <b ^ il^® <h -r 5 IS;R 3 lE^co c D M A S:iim> 
[if ;tt^8 ] ^i-^wu^^r/ur^'y x^o&tri-^tg^ 

(If 3^31 9] (c) (L-l) m(ow:$M^(r>m 
Mf$.'r^nmiifc.m^~y<p^v ^ /i-^ (rlp) ^^e^ic: 

[llJtt^lO] tfrlE (C) ^«^ffip-/N-^-7^/U^ 
iix WPS^ (FIR) :7^/U^:^^l/N-C 

C i: ^^t^ffi ct -r e ft 9 IE® O C D M AS 

[If 1 1 ] Mf5#PS-r :/>'>Vu^ii;^77 ^ /u^ fi, 
-r5^5*t3ll OlEScfOCDMAS'fl^c 

[fi?ft^l 3] (D) mS$n7t^/w-^/N'^j5S5^(75 
ft-§^^<l7-tCt^o-C. (L-l) iliOl^5t-fg^(^^^^ 

5 ft 1 fES^<?5 C D M Ag^g^ 

p 5/ hfI-^^^^-t-5/::i6lr (L-l) m<r>^^m^ 

6 1 lESttD C D M A§:{t«, 

=^n%-^m\^^xn^'it^t\.^:it^mmt-t^immi 

fE«c<7)CDMASfm 

(li:*Jll 7] ^>/^< i: t,-A(7:>^-f-'(l. 1S»(7:>{I 
CDMASfm 

[IS5RJI18] HfrlS=i t-U> hCDMA-fl-^d, /> 

^l^t^^-r^ifjRJl 1 fE^(7DC DMASr-ffffio 
[ifjJ^^^l 9] CDMA>;^7^-^0^— If^fT])— ^ 
'>^^< t) lo(7)Sit!i^t^|^(7:>^--tH^t >^^tf 



(3) 



^ <h ^ (t -r 5 lijRJl 1 IS^ct:) c D M A 

^mm lb -r 5 fiJ^t^i i isgctT) c d m a 

Z -r 6^*^ 1 fS«o c DM Agfia, 

[19*^12 2 ]. ^/^< i: rnicD^— ifx— ^^^^x 
f^t. ^^(r^\.m (Lll2J[^±oSS) tT^^^'x^^LT 10 

MA^t-^^SilU. i^sii-5CDMAS{t|^(75S!]f^:^ife 

t^ffiMMfT^T^— ^^'^-^^^/uii, ^ y Vf- 

(A) L<i(D./N";^i^sl^£Oig-^{;ijyi^T. 

J&t^:^T- y-/ 20 

(B) l.m(DWM^WL(D^^\^^\^^X^ ^^(T^^%^ 

M9:twg|IilL/:^i/>ft!lc7? (L-1) {ico/<;^:^l^|g(^^ib(?5 
%^\<oim(0'^Wi^\^^^±j1^^t\.t^ (L-i.) <i(7D|^^ 
<t r^ligi- 5 C D M A Is ^ ^^®L -r 5 >^ 

[?i*3l2 3] (L-1) fliO|^^lt#(7?.io^fc{l 

frlE (L-1) <l(Oi^^f-^(7:)iS..ircoitSfi. mM'T— 30 
i& $ :: 1-5 fi5*^31 1 c DM ASft 

[0 0 0 1 ] 

i^m<Dm^^m/^i^m] n^^m^m (c 4o 

DMA) ^{HtClggL. x^Vo:x h ^^/^R^^ft^fr^:^ I ^ 
fc=i t-l/^ hMC-CDMAS{taicr^1-5. 
10 0 0 2) 

(ti^Jt^tOtSt^?^] ^?f-^:9-fJ^Sr>^-tr^ (CDMA) 

^m(D=^-'^t^ti^^^\\^jnX\s^^, CDMA-ft-^/i^r?^ 
hV<>' KT'$>5^»(CJ:I9, RAKES 
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[0 0 0 3] RAKES<E^:;^3ib-i^> hlc^m-r5 
- 9 5tt^ll^OCDMA->;^r•i^^75^t'&ICiy^^T^i. ^60 

D y h{t^\t^—^(D^m,n^\^nL,m,^\^xi6 

[0 0 0 4] LTi^L. -^/i-^^'^'^5>ifc;5*^^ai--5^^(w 

( 0 0 0 5 ] D ^/ hft-^*l, ^i^V-y >>>^I-^^0/^" 
^7-^D^ 2 0%T*fc5co-C% ^o^/u^/>';:^j5Jc:^(i, 

;^ (near-far effect) Iw J: <9 , ^id^McO^— t^O 
[0 0 0 6] 

h M C - C DM A^lt^^^^-r 5 r <ir r-^ 5o 
[0 0 0 7] 

yyhtmm t. ^Ov^^^Jt^^-^-'V-' ir^-^ (sign 
ature sequence) iw J: o T^:^$nr l^6o CtT^ff^li 

^-1^(75§{t^iffi^ (gp-^, ^^:/Kir:yh) ^;I^bi^r 

[0 0 0 8] ^\z:$:^BM(DCDMA§:iBmi-l. ^gl^cOL 
^ (Lil2^±C0^Sfc) CO/^"^^^^L■C§:^IL;t^i-^^(75 
n :y h^Y-^^'U^. < <t 1> 1 0(0 Ji— i^'-r — ^ 

^-r-t->'^^'&ti'=t t-U^- hCDMAif-^^SISLms^ 

[0 0 0 9] CDMA§:{f«|l. Lm(Oy<^mm^^^ 
^«^Sfli L4^C0y<j:^(7?f^ 1 ;$;(7)/N-j?;^:^LTS{t 
LfcCDMA{f-^;i^ibr'— ^^-r^^/uir/NV D hf^-^ 
^-^y^^^mL. Lm<Dnn^^ (subtracter means) 

1 odj: t9{^^^^^ (L-1) i!i(7:»|V^^jt^ 



f"** ^mW- 10 - 3 2 7 1 2 6 



(cancellation signals) ^^I^-t^^ %-L^<DWlU^ 

1) m(D^^it-^ (m<D (L-1) m<r>y<:^'i^s^^(D%ii 

[0 0 10] ttimmm. (pre-demodulation) 0|IMj^r||c 

:fci^rii. z<r) (L-1) fli^oi^^{t-^(i. nmji^^ix 

[0 0 1 1 1 ^^115! (post-accumulation) (DM^m io 

\z^\^^xn. ^ (L-1) m(om^m^-i'X. ^^^r^^ 

-fay K^7=^-^Or:^rLAU-^$^ (SSI§) i75^;si:i 

[0 0 12] :^^m(o{^<DmMm\z^y^^x\t^ n ^ 

[0 0 13] 

^i^ l^— hRb (fixhu— H) T*^ 
j i:k^-^CDf=^-<?{t-^;:i5^f-^j2;tl^§§l 0 1 j <!: 1 
0 1 klc^^^i^Tl^5o CC-ei:i:^^g (g = 6 4) 

-'r^V-p^tl.xm^^^hthXy^^h^ ^-^Uttfe^ioij 

<!: 1 0 1 k cotti;/j(i. ;(JP^^ 10 2 P^Xy<-< u y hft-i- 30 

fi)ci-6o i^:^ (g-i) j!i(75x-^5^^-^;t-/u (SUW^i- 
^^/u^r^tf) (5^•Y^^/K75l-:5^i/^• 
^ n y Kfl-^t;: J: v) c^W$i^T^^5) « 

[0 0 14] ,r<7:>Wa 1 s h-J£tfc-<-;^.'<>' Kfl-^- 
(i. m^\^ l^- h Rc r^-^^t:§§ 1 0 4 - 1 0 5 f^X-S'J 

[0015] r (Dfeifc (Walsh teSfi: ^ 3 - h n - 

-^>y^n. I f'-r^^/UirQ^-^^^/U (QPSKilAttC) 

[0 0 161 5t^^l^^>Vn:x h^?f-^ (W a 1 s h ^-^(1 
OT. ^11+ IT-. 1) r-v'-^m 50 



l^^l^X im(Dy<^ a y h^-Y^^/UX-^^Xhht)'^. ^ix 

[0017] n'^itm 104-10 St^b(D6i:hit. 
n-=eixF I R:7^/u^ 10 6^107 r-:7^/u^^i|^ 
F I R>'</U<$' 1 0 6. 1 0 7tOt±i;^i(l, ^(T:*'^ 

in (cDct) ^m\^^X^m^l 0 8 t 1 0 9{ZX0T 
yzf=i>^y<- h^i^^o ^i^§§l 0 8, 1 0 9(0^^}^ 

n'mm&mB-^-X'h^ . rn^btT^-ft-^iinv^^^^-i 

1 O^xm^^tlX. r^'r-ri 1 l^^hLTM^T-^ 

[0 0 18] zcDmrnrnm^QPSK/'cDMAin-^ 

D^xhf^-V^vu) ^^tf, L---hRb -e(75-<— K 

L — KRc (Dgm<D^iy:^^^b^j:^o 

[0 0 1 9] 0ij;t(f. I S- 9 5C0itft^|':fcl,>-Cfi. 
^-'^itKk(Dm^X;h^o Rb=19. 2kbps (kil 
obit per second) , Rc =1. 2288Mcps (meg 
achip per second) , g = 6 4o 

[0 0 2 0] 1112*1, ^mmx^m^ix^cDMA^m 

m L timmm&mt-^n. ^i^s§ 202, 2 0 3(cj:^ 
'tri'e^Mmm&mM'^ c o s (wc t) t s i n (c^c 

^<omm%:mfi-^^m^2 02. 20 3<Dm:bu. ^ 

2 0 4, 20 5\zj:^:7.(/u^j^m^tiX. -<-:^y<> 

[0 0 2 1 ] ^(Dm. Z<D I Q{I^|i. v'i^^/i^ 

m^-Zfu^y^ (DSP) 2 0 9(75^J^^TT*ib{'^-r5C 
DMARAKESm^2 0 StCJ: i^m-^'fk^tl.. fflJtifc 

^ixT. ai;^7='-^{t-^2 1 o^^^-f-^o DSPil. 

[ 0 0 2 2] D :y h=^W^^ (pilot interference 
cancellation) ^tr 9 ;$;^^(75C DMA=^^|§ >^ ^ > 

RAKE§fHtt7)itjf'^|COtN-CUfe0^-t-5o RAKESft 

mt. i^<o^—f\z^m'r^=¥'m'^n^\^t^\^^^^\z 

-XAT-fc6, L7l>^L:2isJ^ej(75CDMA->;^xA(l. ftil 

m^(om^t^mt^(Dfii(D^:^nm (cross- 

correlations) fi^^lcig< . R A K E§{I^^(l#^^(r 

6^?/^ (L7)^Li£:^-rLt^siSTNi/:frv^) tof4fg^^;t5 

[0 0 2 3] RAKES{tl^(^^?»J(l, i5^i7?:3tiS^i::|E® ^ 
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1) "A ComiDunication Technique for Hultipath Channe 
Is" by R. Price and P.E. Green Jr.: Proceedings IR 
E. Vol. 46. Pages 555-570. March. 1958 

2) "Introduction to Spread Spectrum Anti-multipath 
Technique and Their Applications to Urban Digital 
Radio" by C. L. Turin; Proceedings IEEE. Vol. 68, 
No. 3. Pages 328-353. March. 1980 

3) "Digital Coaimunications" by J. G. Proakis; McCr 
aw-Hill. 1989 io 
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CiSm^^x^o »^ll[elSS 3 0 3 II. ^i^^Mt^-y 

H^S[ElS§3 0 3li. DSP (El^^-f) ^^<bODSP/< 
:^^lfl-\^X§imLrziM^<DmmTXW}i^i-^o RSSI 

[0 0 2 6] RAKE§:^tM^r^o^,^r^i. 
m) <o\^^^m~mm(Dy >:^^=^ h 3 0 5 - 3 0 s 

^*^h^o ^>^-<V;^^3 0 5 - 3 0 8 ^^i^r. -^/u^y^ 

:^mmTxm^j:^^rBV<y^^^\^xmm\^ti^miM^-^ 

mm-T^o ^i^e>^7:)7^>^;^/3 0 5 -3 0 8iiS;z^&^3;w 30 

UT^l>5w <lr^5T-# 5 (lKlll:i^UfcWa 1 s hff-^ 

[0 0 2 7] y-^-f Ki^— ^-^>'-<:^;(/3 0 811. ^ 

— ^-^^7^' >';«/3 0 8(1. S^^5S±lli^t-^/l-5^/<^^iSc 40 
^.ir^^tbL. ^n^'^£OPN;ryir 5/ h^^l^ffl>'H' 
>;^/305-307 {cgEm^5o 
[0 0 2 8] ^mi^^t75:7^>';^f|l, 5t?A L/c-^/Uf^/ ' 

[0 0 2 9] El 4 II, =3 t-U>- KCDMAOfi^^g^ffi 

-U-V hCDMASfII^F^(7D I S-95RAKE:7^V 
3<i(D^S-^:figllS§^^U. ^n^*ix4 0 2ll/^-r 
n h ^'-r A^J^adfflT% 4 0 3I1>/W o :y h^^/ 50 



^t^r^^^l 0- 3 2 7 1 2 6 

B 

'mk<r>^^WiX. 4 0 4(lx — ^J'Tf-y^-f ^o^fcljfflT- 

tr>^. Z.iXht^-W^tt^^X^ X'y^\%%^^miSL't 
COmfiJtllJ: '9 7^-^^I-e'+i^m4 0 4lCJ:5m- 
Wa 1 s h^-^^wu±(75T^-^com^^l:<!:. iSirSfc^b/i^ 
Effect ^c^5« +ir^^4 0 2 - 4 0 4(7:)r'-^tb;^ll. ^ 
<7?^DS P/<;^^^rLTDS P 4 2 0^wtti;^)^i^-5o 

[0 0 3 0] I /QPN^.^§§4 0 5;6^ A;^^-^^+g 
&.1§§4 0 2 -4 0 4lC^;i6o Wa 1 s hSI^±^§§4 
0 6 11. Wa 1 s h?=?-^^^-<$^1S'g'^g^1|§4 0 4IC^ 
;t5o ^y^a[H]SS4 0 7 i:^ y ^ ^M^^4 0 8;65RA 

[0 0 3 1 ] d:\z'^m(D^m^ fT^^g^^-To 

Rc^l/Tc ^'yT'L—K. IS-95TI11. 2 
2 8 8Mc p s 

Rb =Rc/Nc f^/Ku-h (iP^. C/^-tK/u-u— 
h) . I S-9 5 Till 9. 2kbps 
Nc iy:yyf^/l^ h) ^fz^(D^^yym. I S-9 

5 T-ll 6 4 

[ 0 0 3 2 ] A y<-( n y h^^^^ (^—(T^^-^^-^jg 

i-^) iSgfo-^/u-^/N-^^^^f^^ii^^rBi. zzx^l II 

0--P- 

[0 0 3 3] T:i = flAi+ai f-yf^'>'7?'(^t75/N->^ 0 
n5 (to =0i:^^) 

L -^/\^^y<:^}^^<om ; -rv-r 2/^:^11 1 =0■"L- 
K/w (^^-^ h/w^^ll. ^i^l^) 
[0 0 3 4] p (1) (") 'r/U^y<:^fS,^^ \ (C^6 n# 

cO->>^7K/K;0'>>7K/U-><r;t^f^-^ — =1- K (Walsh-cod 

mi] 



x^ii/:fi/^) 

[0 0 3 5] 
m2] 



f" 



^0) 

WSli'^^z-J^/UnO^SiMTi^^ ic 
(0 0 3 6 ] y(i) («) {Cj^t-5n# 

r^-Q [i] =r Ci] i^:/^,;,:/!^- |. ^ x-ay 

^^^^ 0 fgr*^— >^^/u ^ ix^cm-^I^ 
[0 0 3 7] ^5l^c7:)g:fi^ 

2) i:. T^-^ l:?h>'^>ri:.^a'^^ir^§§ (lKj4(D<ir 4 0 20 

'a^{I-^M;M:/n <i: Ur^fo ^^5 0 1 - 5 0 4 

— :^5 0 1 -5 0 3, 5 0 7, 5 0 8tt. -r-^ 1 
:$'^^1:S§|^4 0 4 (7:>^Stg^-^;t5o 11 5 IC^ l Mb ?t 

la^ScOi?^^^^^!!. f5]lllw^-rj:ptcA;^'(t-^(ir 
[i] = ri [i] + rQ [i] "Cfc^ (EP^b. (Kl 4 I 

[0 0 3 8] Jl^Ail-^r [i] Ji. ^^^r-'>>';jK/Ufc 
^-a^Q P S KD S/^CDMA-<— K{f^ W^l^ 

lo^h!':y^r :y7^r^o ft r (O) [i] 
5 0 3F^r-1S^^&[E]SS5 0 2^-(b§jaL/ciil:iC 

[0 0 3 9] ^^§§5 0 3;i)^(bt7:)m-i-;e)^(bJijflor^:x 
i^l^-^iiSg (1 -^V^VUCjE^^a (accumulatio 40 

^-^fv^mm^^ t^^-th^(o ±^Rijissg(i. r^^i^u- 
^ 5 0 4 tmmi^\^=^^^^f\^'^mT /\^^^) xa^d 

(Channel Estimation Algorithni Block (CAL) ) 5 
0 5 . ?I^^^[p]SS 5 0 6 .1: ^^-^^^ 
[0 0 4 0 ] 1^!p^£0-=r/Uf^/N";^i-^-f ^^^^/U^^gf 

^cOi/>^yKC3^-r5^-r^wU-i^,i^Tzgyil. CAL 5 0 

5ic:j; ^ Lt::oc A L 5 0 5(i. t^=^ 

J^\y-^ 5 0 4;i^(b<7:^^fiEOtt|;^<!:±T(75^#6nfc^-r so 
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Ksicd) 00 {.=^—f)fi<r>^ 2. 1 s h ^I^^r 

^t. Tifjiiss, an*>x-^4ir^§t5 0 7- 5 0 8(13 

[0 0 4 1 ] 5 1 Oil. 5 0 97)^e£0:ffl 

S P) 6 2 0 i: LX7r:i-§:mm(Dm^<m'^ itT^-t' 
[0 0 4 2] CAL>^cr -^^^ 5 0 Sirr^LTIl. ^i^^ 

[»5] 

[0 0 4 3] CALT/u=f y Xi>.£7:>fij,fi;(i, :7^ — c^>- 

^-/w^^iij r =r y X A ps^ n -5 CO x-fi /^e 
[0 0 4 4] i^T^l^iP^lc^b^/^Tll. ^(75^-r^>/u^SiJ 

m\^x\.^^t^^mm\z'r^ztf)mwx^^. mmnn 
[0 0 4 5] T^=x.j:^\y--^-yuy^\-^\^x\t.. -eo 

p '^'i^i^'f ^^^SiC:t^coSSiit^gf fc/^ Suffix 

[0 0 4 6] ^a4(^^^3l^^7)5^I^^cs-:5l^r. srigioj: 



(7) 

11 

D.yi5^503-5io ^^trmm^=-y h 5 2 0 ^m\^^ 

[0 0 4 7] ms^m^^bi-^^ii^lw, 2flicO/N';^{I-^ 
[0 0 4 8] mr^^l^^^ 

^*^^yy-^iyy/u±x*mn^ti^o 10 

[0 0 4 9] \C:$:^B^(Dy<-^ n h^^f^^ (Pilo 
t Interference Cancellation (PIC) ) ^O^M^ 
Tjk^. \^e<D:^m^M<DS:iBmit. 2?^<Dy<P.6 1 1 t 6 

'^n3:^U±(Dy^>:^(Do'^2:$i<D:^^^mi'^ (HI 
3^m(DZt) o y<>':^6 0 3, 6 0 4fi. ^tl't'th 

m^j^^^^y^m^-Q 0 1 <i: 6 0 2^ttim]^rcyjmv'^mi- 
[0 0 5 0] r (D^mmiD^mmu. m^m^ r ^ ^ 

^^ti-^Tii^ •^ix;6^^<^0 i:/^;:^ 1 ^^ib(7?[35i:^o{t-^^ 20 

%^^i-cor% 1 £75/<-< D -/ V{%^^y<y< 0 (^^{f 

[0 0 5 1 ] wCDr i:>^%it'r^>i:. 7^>-;«/6 0 3, 
6 0 4 ^^JELT/-^^ D'^' h^^lElSSe 0 6. 6 0 7 
'k^ti^'ti^ti(^<Dy^>:^6 0 3, 6 0 4 t:iig;!iDL 30 

y<:^Of)^h<Dy<^ a y h{I#6 lit. It^^ 
<Dy<^a>y hiB^-e 1 2^^^i-6o 0 cog^ffft 
-^rt") r-^^rCo> (i. :^^^c?>r ^ir l^^^aSS (on 
-time selector circuit (OTS) ) 

V^J'-f i:.ir u-^^lHlSS (OTS) 6 0 2\zXKit.-r^m 
^nr. ^co^^iE^;*xfc7^>';t?'6 0 4l;iJ: fp^H^ 

[0 0 5 2 ] ay h^^^lUSg 6 0 6. 6 0 7 II. 40 
hit -^^Ifti^i-^o mm^Z7ri-Xo^zy<:^of)^h<D 

nmf$.y<-( p y hii^ii. mw\Bi^ e o 9 f^t->'<;^ 1 
*s^;:io^/^•rll. y<^ay h^wm^ m"^) it. mm 

[0 0 5 3] mm\zy<^ 1 t)^bpm-mfS.^<-( n y K^I-^ 
Ji. ^un\B\^e 0 8[^X'y<y^o<Dm-^-f)^hmn^tia. 
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[0 0 5 4] A. ~y<yyT^^i-^^U ay 
(•r ^7^^ ^ A) 

^mfS.<Dtrm^xh^o ^^^^^zxtn-^. /<^nyK>^ 
'^(^^:ico^^(iisfe(7?3^ffgTfTh'ix 

[0 0 5 5] 1. ^:7^ I/;^/ I (CxtLT. gff {t-^;!)^ib 

f'Wm^m\^^xy<^ a y h^-n^^-t^, 

(L-l) itiO-r/Uf^/N-;:^{t-^i-J; t9§|^|g:::^^f-y^• 
y h^i^m-r^o 

[0 0 5 6 ] El 7 :L(Dmmz^^<^xrfm'r^mfi!t^ 

[^Iilt:i:^-rj; ^(cyn -/^ 5 0 1' - 5 0 
5' , 5 0 9' , 5 2 0' yi^^ 5 0 1- 5 0 

5, 5 0 9, 5 2 0 msiZTT-r) tmcm^^-t^o 

-f^y^l 00 tl 00' li. lE^^ft^nfc (7 0 5 t 
7 0 5' \Z.^^) f^i'^^/^^^M (504-50 5, 5 
0 4' -5 0 5' ^^l/^T^#^b^fc) I ^5SU^i^7?/^ 
[ 0 0 5 7 ] n y hr^^ ^ 7 0 0 i: 7 0 0' (75 
^ix^'ixR LP:/n.;/i^701i:70 

th^o RLP70li:70l' fi. iijii;65^^£D^';/:7' 
^%itU/^l^i t'-;/ hoi^-U— h (Bit Error Rate 

(BER) nrnm-r^o rl pco^m:^ife^^Ttwis&p^ 

[0058]>'<^D.yhr'^7"^5'^701t70l' 

U y hit^^mmi&LX\^'^hm. »'7f./Uy<yyr 
703-704^70 3' - 704' ICJ:"?. y^^^f./U 

[0 0 5 9 ] -^(Dy'y>^{Zi6\^^XRLP\zX^mA 

^tifzmm^^^-thtzMz. ^]^^fj:RLPmm^<yy 

7 z-o ^*^iiiy7(Dy'y>^9-{zmu^tihfzib\Z'Z^mx'hh 

{Dit'^yy—t>y'/\-(DRLPm}^X\ D = N/2 
X\/NnRLPy^yi^^(D^ y^m o LTgJiiS 
z 7 0 2 t 7 0 2' (i, ^iX^lxR L P 7 0 1 <t 7 0 

1' ^Mit-r^o 



(8) 
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(0 0 6 0] m^^^tLX. hh'^^yy'cDm^iZioif 

^ LT/J^^ /jr) LT. 706-708<h70 

6' - 7 0 8' i: UT^^tL6TIEC0S^^<'y T^TtOi^ 

me] 

z-^'.A,=(mgcA,)-A, 

[0 0 6 1 ] z<DXo^j:mmit. mw^T^^t^^u^ 

5»o 7 0 6 - 7 0 8, 7 0 6' - 

7 0 8' i-t!£f.^^X-nfj:\f\ Z(DZt^^l!§.i-^t. 

K ^7 31 r II ^ T- fi I ^(DfcHbi^T \^7jk-mmm X 
li. Z(Dm't^<yyr^tf&L^m^xh^o 

[0 0 6 2] ^n';^ 0 <Dy<^ D :y h n y p^y^ ^ 
7"^^ 7 0 OF^^T-^^t^^ixfc^, D :y h^t-^ 

li^D^^7 1 1^' (::;tiD;tP:>tb. mi^^5 2 0' 

h-r-rx^^? 700cDRLPyn:yi?70 1 ;i^ib<7D^.'^ 

^ hT^^T^i?'^ 7 0 1' f^T-m^^^n. ztinmni^^ 

7 1 iJc:;!iD;t =SHilf 5 2 Oir Ji-s-ff-^coms^t^ttr 

7 0 0' <75RL P^n s/> 7 0 1' c7:)^^/</U;^SJg 

[0 0 6 4] :$:%§^o{t&(r)^j£0ij|rj:ixl^. r^^x:^^?' 

/^^M (7 0 0 i: 7 0 0' 7ii^ib^#fbn5) li. msiT' 
Dir^ (^I^^5 2 0 5 2 0' Izj:^) ictig^X't 
5J:p;c/^5o :i<DJ:^fj:mmm::^\^^Xi-t. ^m^n 

hmm-^mx'^^^ 

[0 0 6 5 ] *[^8. 9l;i|iIl7cDX'<7^^^A(0^$^^ ^ 
V^^-r- h^^-To y< 

'^^\zMLX\^^/}^izmbti^f)^^7r:LrchfDXhbo > 
>7ii/i-y<^y^ r (^ij, 7 0 3) II, '>>7i^jUn(D/<^ a 

zt^tmmi^xi^^^ m^^<yyr 70 6) \zx so 



f^m^ 1 0- 3 2 7 1 2 6 
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f 

15 , D :y h|^^^(7?rrfc/,c^-r^^/ui^gIiHii:iimafi3^ 
[0 0 6 6 ] 9 im, ^--V D hW/!|^fflcO^-r^./u 

^\zn (to =0<t^.^LT) ^mT-^5o 
[0 0 6 7] x^x^ ^ AfT^ibf^ 
u-r !^>r:7iii — i/v^'^lt^::i^^/^rll. 7=-V7^i>^?A(^ 

m<o^-r^-^^^mm^^Lxi6^^ ztit-^^-^/i^^i^ 

[0 0 6 8] AWG N^i'^w^irio^/^r II. ^ 

-r ^wL-il^mil •> >'y^/i^mzmt LTtt 1/ ^CO T% :Ki±i§§ B IC 
^i-6Sc^.^ii??ffiL/^t\ 

[0 0 6 9] /-^^fci-y hft^^^^-f-5/c46l;i. 

.^dglUTii. =^ai*t-5ii<[H]^^il?iJ,S^:t^-5;if^ ^ 
(^M* 115^^ ^^/u^^iijfflim^^tri^trilig LTty^- 

[0 0 7 0 ] ^g^|w|l5"-/>^-1h>>^/Ufl, 4t'^^.^ 

(I f->':7"/utQi^:/y^/u) $rW-r5o LT^' 
D :y h^l^^lT'nir^^frli, {gf.;. f.^^ (rL 
P : 4 fc:':x h. f^yy^lx- : 4 ti'y h) Xi,^X 

li. f'lyn^- KT*0^^^^tj^>^-C-;i/.^l/\ 

10 0 7 1 ] B-/<:y:7r/jUt7^^^gjm^ (t^-^^^ 
^ B) 

m 1 ociiiHirof^^^^/u^ziiM^^iNer ct^75/^^^^i^ 
5o v^:^Tn^^pxmts^. m^i§5 2 0 

(>^^:/;(/0) i:5 2 0' 
^VL-n - 1 (Dm^i^^^^^btl^'^^^^/^^BMl 0 0 1 
1 0 0 1 ' ^^ix^'ix:7^ i^:ifo t 1 co^fco vtK/u 

^-^^ ^y h nmf&it. [hJSS 1010,^1010' r-fr^^ 

ix6o I^^ll. ®g|i7 11, 7 11' ^xnt>tl^. 

<bfp|-tD#-^^fi-LTfo6o 
[0 0 7 2 ] mi IICII. ^Mn-y 

[0 0 7 3] ^'^(n^^- 



15 

[0 0 7 4] Lf)^L. mm^i'-y\ci'X^^j)fmKk^9m 
[0 0 7 5] c~-^<y^7^m'r^mmmm^ 

H 1 2 fi. ±fET*tJ£0^ L/ci 2 -^<nWi^.^1^^^f:^'^tzM io 

X*%hri^ (7 0 0 ^:7 0 0' ICJ:6) ^M(7?f^-^^>/i- 
^il"M^W-r5/<:y7r m-h. 7 0 3<t 7 0 3' ) ^ 
^LTS2(w. tf^/u-T" (gpt,, lOlOirl 

0 10') ^ffl^/^T, ^(75^e;^/NV D y vwm^<r>^^ 

[0 0 7 6] 1^01-^1- J: ^(ri<«|E]/U- 1 0 

\ 2 1 0^^^^-C) .'N'^ 0 n 5/ h^^^ 20 

—^^^ y^ 1 0 1 01:: J: 0. ot^h(r>i^^^<^ a 
Kit-^fi. (;opiL^i 2 10' ^^i>T) i(7:i/< 
h^^§§7 0 0' '--A;^^i^5^f-^^^^b®g^-^^ 

[0 0 7 7] D y h^lf^^tO^-^^^/L^M^i^ 

[0 0 7 8] ^ c<nm^ 

- K!>air(75^$i$ (v'>7i^/L'/^'>':7 7^ R L p^^i^ 

40 

[0 0 7 9 ] 

[0 0 8 0 ] A-^mi^l^5^ (r^T^^^D) 
mTf^^^dioi^Tll. 'e?ij;tl^!il 1 3 dJ^oV^TIl. 
y^V o :y hlf-^Cd) [i] 11.^ miifDtirlw^yT'L 

1 3 <r> Mz^^i^XVl. ^.^m 13 0 1 

<i: 1 3 0 2 ) II. ( 1 3 0 3 i: 1 3 0 4 ) (O^ ;5 so 
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[0 0 8 1 ] Ell 4 (75-7^^ 7^ ^Dll, ;*-V^-rAiru 
i^^'SOlirSOl' . CAL (£]3§ 1 4 1 0 <!: 1 4 1 
0' . mi^gf 5 2 0 <t 5 2 0' n y hx^x^ ^ 

14 10^14 10' . /JDg(E]5Sl 4 2 0 ^^rW^So 
:?l->'^>1'i.iru>?:$^5 0 1 <i: 5 0 1' i:ms^§§5 2 0, 
5 2 0' (T^tbf^limliS L/c:il'9 T-Sd-So 

[0 0 8 2] 7^^xi7^D*i. <Ii>sri::g|g^n (/nV d 
2/ hr'-rf'^^ 1410^:1410' p^T-) . 

U'- hRb T'l^Df^-r-twU-^ZiiJfil (mi^^5 2 0<i: 5 2 
0' t CALSSS 14 0 1^14 0 1' t^h(D) 
^iXTt (^S^ 1402, 1403^:140 2', 14 

0 3' ) W^^/^^f o h<t^^ffii,>^^ ^(D^14 0 
2 i: 1 4 0 2' ;6^f3#ibix/c:^>V n hif-^fi, 

1 4 2 1 1 4 2 1' I^T-:^)nK$nr. ^n^'ns 2 0 
i:5 2 0' <nVyy>{y^ (x-^) {f-^ct/^So ^(73 
^^S^l 4 0 3 <b 1 4 0 3' ^^b^tb^XTt/^'-r D :y h 

{I-^ii:*iDg§^i 4 2 2 2r 1 4 2 2' t\x-hm^f\.x^f\. 
^'ix^sl^S 2 0 i: 5 2 0' £7?5"i-^>yu^aiJl[lw/^5o 
[0 0 8 3] '^^^<r>^^fim\t^^^mt^ D :y h 
t:: C A L \z^m<r> ^ /^^iOM ^r-a *b 
\-Ci/''^if.jV/<yy T (-^J. [11707 0 3) (it^Ci^ifi^^ 
^.^< {t\.xm.'^^<vy7 . m^\ti 0^^k.%>'Z^^X 

^li. {ll7l;i7r:t-lf#''<5/:7x^7r:-rx^^i^^Ai:^ 

[0 0 8 4] Hi 5ir(lT'^7"^^D(7:i^$'W ^ 

Rb x<owm^(om^\^. ^x(D^<:^tmmm:im:^^ 
tiii^Mi^) . ^\^x^(D^^^.^f)*^^m(D^^^-/\-^m 

i/\ 'f^y'^^B(D^mn'f^y'^^AtD^thtm\&.X 
[0 0 8 5] B-^^^[^^ (7^V-r^<g^£) 

-r« 

[0 0 8 6] T^'fT'^^Efi. :r>'^^i=.-tr Ui^^ 5 0 
1 i: 5 0 1 ' . CAL IhJK 1 4 0 1 <!: l 4 0 l ' , mm 
Sf5 2 0 i:5 2 0' , ^ y hv" ^ ^ ^ I 4 I 0 t 
1 4 1 0' . AD^[e]S§ 1 4 2 0. 4 0 2, 14 

03<i:1 4 0 2' . 1 4 0 3' t^^L. :itlh(Dmf 

ALlElSSl 6 0 1 <h 1 6 0 1' tfkn^l 6 0 2 tie 



{ 



(10) 



^ms\L^ 0-:^ 2 7 1 2 6 
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0 2' t^^L. 14 10i:14 10' co^-v^^./u^iiJ 
m.(D7i-^'^^^^tl^ (refined) X ^ I f^^^^^m 

^(D^^r^mn\Bi^ 1420 p^r-fti^n-So 

[0 0 8 7 ] r'^y'^ ^E(Di^^ ^i^^^^yyi:^^ [Hi 
[0 0 8 8] 'r^y'^^EtD^i^ 

hSftili (1^2) f^T-|IS.i--5c75(CffiLnfl\ ^(75^d& 

<!r'S^ r-ll /cf t ^ t5 -e -5 o 
[0 0 8 9 ] E - 3 T ^ v;y^^(;:>^il 

tcs:^^^':^ i3y<:^) (D^mm(DmfS.^yf^'to IS- 20 

^m^^nx\^^^, 

[0 0 9 0] RLP m. 6 0 1) i^2m<Dm:^^^i- 

57i>K -^TtO^EfefircO 2^(7D{tilC0 7^ ^ 1 , 2 fl, ^ 

n— /U^^#.^aoff (I S-9 5-eilaoff ^0) T% 
[0 0 9 4] 1^1 8lC(i. ~^y'^y':^^>v'y^ y^^:^ 
Hi 9irfi. S:;^4<ifDiJ-^ Kn-:p^(7D^-r h u-Y 

X K^^i^^f >:7.f /U^ (Nyquist-raised cosine filte 
[0 0 9 5] 112 0(1(1. '^/i^'^y<:^}&^0<Dy</i^y^m 

Mi-^^/i^n. (mm^izit) +1^^(1-1 (IE 

-i^:^ h l^^ Xy ^ /V^ (square-root Nyquist raised 

fiicer) f>^-^ti.-r^^mm^^^<^\^^m.w^-7y^ vy 



>^^>-;tf0 (/<^0) lzio^^T^l. y^>^\, 2 (^n 
;^ 1 , 2) to/^:^75^ib(7:>^NV D y ^'-f^^OicA 
;^^ix6^t-^;ii^(bR^^^ix5. f5]^(w7 ^ >';<n . 2 -b 

ay his-^$rW-t5o 
1 0 coB-CUi0^ Lfc-r^ 7^^?^ ^ (tm— tOSb^-^^-f-'So 
[0 0 9 1 ] ^tfl^p— ^n'^^^^/u^ (RLP) 

[0 0 9 2] A - / >VU y. Mf^ (D Wmi^ (D 
1118-2 011. ^^i^^y<P^j^^<7:>'$r^ ^>^:ty-^y 

BWmf&^-y<:^y^/\-^ (RLP) (D'^^mi^^Tjki^x 

(^j. I ^^^/w) (D-^^^.-t, z<omMimiz^\^^x 

11. '^>y'])>^^fi\\±^ Ts=i • Tc//p 

[0 0 9 3] 
[^7] 



[SC8] 



= 0 

0 (ISI- free) 



(-2) 



[0 0 9 6] Z(D/<^ n :y hjS-^^{t^(7?-^/U^/^;:^.^ES^5> 

X. a y h{t-^0£O/-?/u^gj|^^%itt-'6i^^^;65$> 

^^^I;i^b^^r5;t46(c(i. {f^l (RLP^I&a 
J. 6i) J^i^>X/^T^ o y h 0 (O^nVu 

/^itt'Zt)^ (in between) irfot? (rcOC^|16i 0 
^S^-r^) . ^ix©:(:: C 1) {zXt^^^yUay hi! 
^ 0 CO ^•/^ ^ S Ji^ IISS -5 o 
[0 0 9 7] ^^^^ci— /N";^:7><yU'^oF I RV(DM^ 

( 0 0 9 8 ] 112 1 (C(l. ff^g^p-^^^^^/Uc? (R 
LP) (7:)F I R^^$r/T^i-o F I R^.S^(1. aj. 6=h 



{ 
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[ ( j -N/a) • ^ + 6 ] -c\ ^timz'm^i =/) A 

a N/2.0 =£O^T% {\k(r>m^itif^tfj:^, ZixnTc 
(^^^i^'ik (integer multiples) cT^iglgdoi ^T^^T 

1 

[i] li'>3- h=:i- K'>-^>^T-fo5o 
[0 0 9 9] RLP^^^r^/til^^iM 
1. ^ ^yy'CO^'^lZ/h^J^Ji^N (4 ^ibt-^fc2T'$ 
;t) t^-^^ n :y h^^V^;^gJi^£D^-^/^5gf^^^^5^0^r^- 
3, y</i^^mmh [i] li. N/"2 • /o ofifir^-r-s 2. 

[0 10 0] 4. 1 1iO/U:x:^7r yT^T^ — (^LT 
(fractional delay) 6 = 0 • - p ~ I Id^o-T ttl:^'^^ 

nn^^nmi^x i'/" 4\zmi!b^z tr-X'^ u 

l^XWXflSS=-4^ yyx\ p = 8 t 4\i'^y h(7:>m(0^^ 
IC (1 . 7^ - ^ X li^l^.^^ ^ f IJ^ L 1/ ^^^-^ iril 5 

1 2 t'-;/ h r\ nm-^i^^mm \^tzWf^\zi^ i 2 8 h 
xh6. * t»^tgi4i75$> 6 o ^ ur 3 7^^11^ Llriv 

[0 10 1] 5. F lR:7>(/i^^{zX^mA^tirzi'y 
7"U-</UX'(Oii.5g^^(l, Dfir =N/^2^'>'7"r-fc 

(75 p N v-;^ ^® I? ai-r w <i: I; J: 

[0 10 2] 6. ^^>:^^rz^^mfS.-rh2mi;x±(D 
r'x<^ ay ho ^nmi^ir^) m-tizi^. 'tti^*t\.(Dm 



0-:^ 2 7 1 2 6 
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^ rixtcj: ^9II$^|$7>5^?^-r 

[0 10 3] 

^^^ft L fj:ntHlfj: h^j:\^^Zt t-^t-^ tz^ ^t^U^ 
(O^^^z^-l^ ^^'^^-^^>/^^S'HiI^^l^5r cbicj: 
D :y Vmi^(DBF.Kn.^^^'Z>^\zW^0Zt\Zt^ 

[0 10 4] C(Dg&b(^fci^)lcmi^/jr;?;-r 

{I-^/^•!7-;^^v^$t-r5^ (^< ^^^^ oi-C^ V^/IC 

[0105] *^§^(7)ftil£0#m(C JztUlf. 

t^^nm-r^, z<d>^^ y^<Di^^n. mo^wm-^m 

(minimuni mean-squared error criterion (MM 

SE) ) {z^^^ t^mxh^. mmf^^^t{.^\.^jm 

[0106] 112 2 ^-^^z^y h 2 2 0 3ICJ; tJ^iJ 
4ai^-*x5f^;(jP^«9^x^tg (2 2 0 1, 2 2 0 2):^;^ 
-r6gi6c03^#^P I Q.^>(T^ ^h^\.'-\X^\tm^7v^ 

[0107] /^>r o :y h I li, i co^^i^^./W^^^iJ 

-^c^fci^mi OxCli. {0, 1, 
j . (L^l) ; j ^ 1 tOMcOihT^iT'^' hX^^^o 

(^(!;t(^. L = 3(75^-&{cii. hco^fg/^>//u 

[S^l 1] 

[0 10 8] »:lc:ai-^5S^f^ffll^T. TlSOf^-^-twu 
[^12] 

cj" { a ) 

a;" { b ) 



(12) 



^^inW- 10- 3 27126 
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[mi 3] 

0(1^12 (a) ^m\^^X^mf&^iX. iSfe(D>V7tt/upB^ 

mi 4] 

d,"*« = (0) 

[0109] ^iXi^^r-TIEO^-a^lCd, 2 2 io 

0 1 t^J^K^. y ^ >1S 1 LTIi/<^ ^yV^ 

[^15] 

/-Vn-y MjlSlfci 2 (b) ^^^/^T^^^^^i^. 
•>>';f?/u^ralT^^ >^1 --^75A;^^^lbl5^*^i^-5o 
(^16] 

-^tvi^^^dSci 5^co^tc(i. x^ i/^2 2 0 3f^7^ 20 

[0 1 1 0] i^2 3fi, L = 3 7^ V;trORAKEg^t 

«co^S:^&^^i-« !II2 3fi. h 2 3 0 1 

^;^^'y^2 2 0 2, 2 2 0 4;iJft;tJD^iXfciai 7T-^i> 
5o ^'^Vp y h^^^Li -5 i: L-C^^•5>'-^>';^co^/^ 
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Hf^^ (R L P F) ^ffi^^T. n :y h 1 (L- 

[0111] ^rj;t(^, OlC^LTIi. ^^*X 1 2 

(^^/N-^ D y (1710' i:1710" f^T-) ^1? 

^fiScL. 't^o^^l-h.^ii/';^ 0(7:){I^;:)^(bi^^^iX'5 

(ADg^2 3 0 5^ffil^T) . f^ltt::/--r D h 0 i: 1 
II. 2(7Dft-^^^^ (;&D®§§2 3 0 7^ffllNT) ®S 

2 3 0 6>^^^^T) ^gi^n^, 
[0 112] X^ y^mm<DWWM\ 

[5*1 7] 

or, "'.as 

[ISl 8] 

[0 113] rcog6i}ii. ^(D^^wm-r^ztvh 

[1*19] 



(3) 



[S*2 0] 



^> ^?^t'-^ t' 30 



(3) ^<D:^m^Wmi-^t. ^cojio^zfj::^, 

m2 1] 



= I^'«-()',(C,)) 



[0 114] ?D£0^ife (variance) 11. ^Wl.(DfnX*h^ 1^2 2] 

(^X\ (3) /U|l, lik(DXo\zfj:^, 

C<->=argmmKar[>}'>(Gr)] /-Or-.i^-l 



MMSE-fe-yMl, 5t (5) T-«$nS. 



[^2 3] 



(4) 



50 



(13) 



m^nW- 1 0- 3 2 7 1 2 6 
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[0 115] ^^(7)^^r^>/^''^'7>— ^ cj ("> it^B^V 
[^2 4] 
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fSSt: (a) 
[i&2 5] 



TIEs^ (b) c75{th>«9(rT 

(a) 
(b) 



[lft2 6] 



(6) 



I 0 1 1 6 ] ^<>f n h j <Df^^<D^mit. mt-Tb^ 

m2 7] 

[0 117] ^::n,^^^ic^>'y-;65gft-^''5^i:i(l. n 

^^il:7.r 1 , ''^•^n-/ ^^^B^^^oog;^:7^>' 
;<^^-ll^#L/^^/^ L/'c:;6^oT. ^ 1 0 xtcD^afi 1 (7)&| 

[0 1 18] Ztnm^^^^^t. ^1 7xtfi. Tf2T- 



[SS2 8] 

(5) (6) iwj:n*frF^n7:?i\ ^<Dmm{^y< 

;^ 2 ^ I ^ T- -5 o 

[0 119] |5^^ir:y h c7:)^a^/t.-7^(:i, JSJ^xtT'fo 

[1^2 9] 
[^3 0] 

6'-' = (0,2) 

1) 

[SC3 2] 



N 



(7) 



2cr^ 



[0 12 0] rc-e. (I S-9 5T-I1N 

= 6 4) K\t.^^v'-^/mm^-r^^^<DW. 2 a 

*MT**>5o i/^-jJ^/urall^ (n-2) t^h(D^-r ^^Ji^'^M 



[tSc3 3] 



K(/,«-l,C<'-'>> = ^ 
N 



2a^ 



(8) 

[0 1 2 1] S■-»/-}^y^FB^fi5lctil,^T^*^r■;/ hH*! 0 
5*: (1=0--L-1) li, llk(r>:^'r •yy^m^'^Xffk^X- 50 



#6, 



(8) Srffli-^r 1 = 0- -L- 1 izML. TIE^i-^- 



25 

ms 4] 
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